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The metallicity dependence of the Cepheid period-luminosity (PL) relation has been a controversial issue. The more commonly accepted view is that the PL relation is insensitive to metal abundance, while the period-luminosity-colour relation is fairly sensitive, as indicated by stellar pulsation models Recently an accurate measurement of metallicity has been carried out for 23 Galactic Cepheids (this means we remove all highly scattered points in Fig. 1 ), the metallicity gradient is δM λ /δ[Fe/H] = −(1.7−2.1). In order to underscore the colour independent nature of the offset we plotted δM λ (λ = V, J, H) versus δM K in Fig. 2 .
Now the question arises as to whether this large metallicity dependence represents that of the intrinsic Cepheid PL relation or it arises from some other artefacts of procedures used in estimating M λ . Let us remember that the absolute magnitude is calculated with
and
where the V band modulus µ V is obtained by ZAMS fitting assuming the cluster metallicity remark that the sign of the period shift is consistent with the Oosterhoff period shift for RR Lyr, 16, 17 for which stellar models also predict the metallicity dependence by a factor of > 10 smaller than observed. 18 If case (i) is true, an on-going Hubble Space Telescope project for studying the metallicity dependence for Cepheids in M101 19 should detect the effect; the raw distance moduli derived from inner and outer regions may differ by 1 mag after absorption correction.
In order to examine the model prediction for the metallicity dependence of the periodcolour (PC) relation, we show in Fig. 3 the residual of the fit of (B−V ) 0 obtained by LS as a function of [Fe/H], and compare it with a prediction of Stothers.
3 Unfortunately, the scatter of data is too large that one can hardly conclude whether the residual shows the metallicity dependence. The only conclusion one can draw from the figure is that the metallicity effect on the PC relation, if any, is not too much larger than the theoretical model predicts.
However, this does not preclude the possibility that the pulsation equation is strongly affected by metal abundance: the contribution of the metal-abundance dependent term to the zero point of the PC relation is one order of magnitude smaller than that to the zero point of the PL relation (see ref.
3). Namely, this test does not serve for us to choose among the two possibilities.
The colour independent nature may also be taken to be consistent with case (ii).
Namely, either selective extinction E B−V (OB), which is usually estimated from cluster reddenings or space reddenings of stars close to Cepheid, or R factor, which is set to be a constant, receives a large abundance effect, although, this differs from our conventional belief that the extinction correction for B stars does not depend so strongly on metallicity, for line blanketing effect is smaller for high temperature stars. Also somewhat strange with this case is that the extinction correction in (1) does not tend to cancel against that in (2) for the V band. We have examined possible correlation between E(OB), E(Cepheid) or (4) with (5) indicate that the LMC distance may be ≈+0.1 mag larger. This shows that one cannot determine the distance accurately from the Cepheid PL relation unless the metallicity effect is well controlled.
5
A positive aspect, on the other hand, is that the intrinsic scatter of the Cepheid PL relation should substantially be smaller than is believed now once the metallicity correction is made. After the metallicity correction the dispersion of the PL relation becomes 0.08-0.11 mag depending on the colour band, which is about a half the scatter obtained by LS.
The present authors were unable to penetrate into details of the numbers obtained by LS beyond the point which is explicit in their paper. It is, however, obvious that the best present data used for the Cepheid calibration, which is a cornerstone of the extragalactic distance scale, contains an unusually large metallicity dependence that has been ignored in the literature. This would bring a significant uncertainty into the LMC distance; the error of the LMC distance from the Cepheid PL relation remains uncertain as large as -0.4 to +0.1 mag, till this problem is solved. Here the residual is defined by δM λ = M λ − (A λ log P + φ λP L ) (λ = V, J, H, K) with the coefficients A and φ λP L ) taken from LS together with the data of M λ . 
